In the course of identifying aniline-assimilating bacteria, researchers found some gram-positive strains that contain 2,4-diaminobutyric acid in their cell wall peptidoglycans and menaquinone 12 as the predominant menaquinone. "Corynebacterium mediolanum" and "Flavobacterium dehydrogenans" also are known to contain 2,4-diaminobutyric acid in their cell walls, as well as menaquinone 12, but the taxonomic position of these organisms has not been established previously. We found that the aniline-assimilating strains, together with "C. mediolunum" and "F. dehydrogenans," belong to a single species of the genus Agromyces, as determined by phenotypic characteristics, DNA-DNA relatedness data, and 16s ribosomal DNA sequence similarity data. The name Agromyces medidanus sp. nov., nom. rev., comb. nov., is proposed for these organisms. The type strain of A. mediolanus is strain JCM 3346 (= ATCC 14004 = NCIMB 7206). Gledhill and Casida (10) for the single species Agromyces ramosus, which is a filamentous, branching, catalase-negative actinomycete that was isolated from soil. This organism was characterized by having 2,4-diaminobutyric acid (DAB) in its cell wall. In 1992, Zgurskaya et al. (27) described two additional species and two subspecies of the genus Agromyces and emended the definition of the genus to include catalase-positive strains. While the genera Agromyces (lo, 27), Clavibacter (6) , and Rathayibacter (26) are known as DAB-containing taxa, only one variation of peptidoglycan structure, variation B2y, has been found in members of these taxa (9, 20) . As the members of the genera Clavibacter and Rathayibacter are plant-pathogenic bacteria, they were studied separately from members of the genus Agromyces, a genus of soil actinomycetes, before chemotaxonomy was widely used (3, 5, 6, 26) . One of the most significant taxonomic characteristics which differentiate these genera from each other is isoprenoid quinone composition (4, 26, 27) . The predominant isoprenoid quinones found in the genera Agromyces (3, 27) , Clavibacter (5, 6) , and Rathayibacter (26) are menaquinone 12 (MK-12), MK-9, and MK-10, respectively.
The genus Agromyces was established in 1969 by
"Colynebacterium aquaticum," "Colynebacterium mediolanum," and "Flavobacterium dehydrogenans" are known to contain DAB in their cell walls (4, 7, 11, 20) . However, the taxonomic position of these organisms has not been determined previously, although their chemotaxonomic characteristics suggest that they may be closely related to the genusAgromyces ( other in a large phylogenetic group consisting of actinomycetes containing group B peptidoglycan. In contrast, species belonging to the genera Aureobacterium and Microbacteriurn formed a mixed cluster (17, 22) . This finding was confirmed by 5s rRNA analysis data, and the family Microbacteriaceae was proposed for the actinomycetes that contain group B peptidoglycan ( 16) . "Colynebacterium aquaticum" and "Colynebacterium mediolanum" exhibited relatively high levels of similarity to species belonging to the genus Agromyces as determined by a 16s rDNA sequence analysis (17) , while "Corynebacterium aquaticum" was rather distantly related to Agromyces rarnosus on a tree based on levels of 5s rRNA sequence similarity (16) .
In the course of identifying aniline-assimilating bacteria, Aoki et al. found but did not name two strains of aerobic, gram-positive, rod-shaped bacteria which contained DAB in their cell wall peptidoglycans (1) . A preliminary survey revealed that these strains might be closely related to the genus Agromyces and related organisms.
In this study, by comparing these bacteria taxonomically, we found that the aniline-assimilating strains described previously belong to a new Agromyces species that includes "Colynebacterium mediolanum" and "F. dehydrogenans." In this paper we propose the name Agromyces mediolanus for these organisms.
MATERIALS AND METHODS
Bacterial strains studied and cultivation. The bacterial strains used in this study were strains that have been reported to contain DAB in their ceIl wall peptidoglycans; these strains are listed in Table 1 . Strains CNF183 and CNF186 were isolated from soil and grew on aniline as a sole source of carbon and nitrogen (1) . The type strains of all previously validly described Agromyces species and possibly related strains were included in this study. Some Clavibacter and Ruthuyibacter strains were also included for comparison. All of the strains were cultivated for 48 h at 30°C on R medium, which contains (per liter) 10 g of Bacto-Peptone (Difco), 5 g of yeast extract (Difco), 5 g of malt extract (Difco), 5 g of Casamino Acids (Difco), ' 2 g of beef extract (Difco), 2 g of glycerol. 50 mg of Tween 80, and 1 g of MgSO, * 7H20 (pH 7.2) (25) .
Phenotypic characteristics. Acid production from carbohydrates, assimilation of organic acids, nitrate reduction, DNase activity, and hydrolysis of starch, gelatin, and casein were determined by the methods described by Yamada and Komagata (25) .
Chemotaxonomy. The amino acid composition of the cell wall peptidoglycan, the cell wall acyl type, the cellular fatty acid composition, and the isoprenoid quinone content were determined by methods described previously (13) .
DNA studies. DNA was extracted from biomass by the methods of Saito and Miura (18), with some modifications. DNA base composition was determined by the method of Tamaoka and Komagata (23) by using high-performance liquid chromatography following enzymatic digestion of DNA to deoxyribonucleosides. The equimolar mixture of four deoxyribonucleotides in a Yamasa GC kit (Yamasa Shoyu Co., Ltd., Choshi, Japan) was used as the quantitative standard. Levels of DNA-DNA relatedness were determined by the method of Ezaki et al. (8) by using photobiotin and microplates.
16s rDNA sequencing. The 16s rRNA gene was amplified by using the PCR method and prokaryotic 16s rDNA universal primers 27F (5'-AGAGTTTG ATCCTGGCTCAG-3') and 1492R (S'-GGTTACCTTGTTACGACTT-3'). The PCR were performed with a DNA thermal cycler (Perkin-Elmer Cetus, Norwalk, Conn.) by using 30 cycles consisting of denaturation at 94°C for 60 s, primer annealing at 55°C for 150 s, and primer extension at 72°C for 150 s (with 30 s per cycle added). Ligation was performed by using plasmid pT7 Blue T-Vector (Novagen) and a ligation kit (Takara Shuzo Co., Ltd., Otsu, Japan) as recommended by the manufacturer. Recombinants were infected with bacteriophage M13K07 to obtain single-stranded 16s rDNAs. Single-stranded cloned 16s rDNAs were sequenced by the dideoxy method by using both a Taq Deoxy Cycle sequencing core kit and a Taq Dye Primer Cycle sequencing core kit (Applied Biosystems, Inc., Foster City, Calif.) and a model ABI 373A automatic sequencer (Applied Biosystems, Inc.). Nucleotide substitution rates (K,,, values) were calculated (12) . and phylogenetic trees were constructed by the neighbor-joining method (19) . The topology of the trees was evaluated by performing a bootstrap analysis of the sequence data with the CLUSTAL W software (24) .
Nucleotide sequence accession numbers. The sequences determined in this study have been deposited in DDBJ data library under the accession numbers shown in Table 1 . These sequences were aligned with previously published sequences obtained from the DDBJ, GenBank, and EMBL databases, including the sequences of 
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Morphological characteristics.
All of the strains which we studied were gram-positive, nonsporing, irregular rods. The cells were 1.5 to 4 pm long; the cell length differed among strains, and the cells tended to be shorter in old cultures. Filamentous elongation and branching, as observed in Agromyces ramosus, and motility were not observed in "Coiynebacterium mediolanum" JCM 3346, "F. dehydrogenans" JCM 1376, and strains CNF183, CNF186, and CNF208.
Chemotaxonomic characteristics. The molar ratio of glutamic acid to alanine to glycine to DAB in the cell wall peptidoglycans isolated from cells of "F. dehydrogenans" JCM 1376 and strains CNF183, CNF186, and CNF208 was 1:(0.78 to 1.17):(0.52 to 0.77):(1.65 to 1.77); this ratio was the same as the ratio obtained for Agromyces ramosus JCM 3108T (1:1.10:0.76: 1.77), which was used as a reference (9) . The cell wall acyl type of the strains which we studied was an acetyl type. All of the strains which we studied had cellular fatty acids of the iso-and anteiso-branched types, with anteiso-C,,:,,, anteiso-C,,,,, and iso-C,,,,, acids predominating, as shown in Table 2 .
The menaquinone compositions of the strains which we studied are shown in Table 3 . "F. dehydrogenans" JCM 1376 and strains CNF183, CNF186 and CNF208 had patterns similar to the pattern of "Coiynebacterium mediolanum" JCM 3346, which contained predominantly MK-12 and smaller amounts of MK-11 and MK-10. Although the type strains of previously described Agromyces species also contained MK-12 as the predominant menaquinone, the main secondary menaquinone in these organisms was MK-13. "Corynebacterium aquaticum" JCM 1368 contained almost equal amounts of MK-10 and MK-11 and was quite different from the organisms described above in its menaquinone profiIe. The major menaquinones of Clavibacter michiganensis subsp. michiganensis JCM 3345 and R. rathayi JCM 9307T were MK-9 and MK-10, respectively, as reported previously (6, 26) . Biochemical and physiological tests. A positive catalase reaction was observed in all of the strains studied except Agromyces ramosus JCM 3 108T. The biochemical and physiological tests whose results varied in the strains which we studied are shown in Table 4 . Acid was produced from glucose and uric acid was assimilated by "Corynebacterium mediolanum" JCM 3346, "F. dehydrogenans" JCM 1376, and strains CNF183, 
CNF186, and CNF208, whereas these characteristics were negative in the previously described Agromyces strains. The tests whose results were positive for all of the strains listed in Table  4 were the tests for assimilation of malate and pyruvate. The tests whose results were negative for all of the strains listed in Table 4 were the tests for acid production from L-arabinose, fructose, D-xylose, tagatose, D-ribose, inositol, mannitol, melibiose, lactose, raffinose, melezitose, D-glucitol, inulin, ribitol, galactitol, and erythritol and the tests for assimilation of formate, citrate, glycolate, and gluconate. 16s rDNA sequence analysis. More than 1,400 bases of the 16s rDNA sequences (positions 28 to 1491; Escherichia coli numbering system) of "F. dehydrogenans'' JCM 1376, strains CNF183, CNF186, and CNF208, "Corynebacterium aquaticum" JCM 1368, and five possibly related organisms were determined, and these sequences have been deposited in the DDBJ database under the accession numbers shown in Table  1 . Figure 1 shows a phylogenetic tree based on calculated K,,, values that was created by using our sequences and sequences obtained from databases. The topology of this tree was similar to the topology of the tree of Rainey et al. (17) ; the representatives of the genera Agromyces, Clavibacter, Curtobacterium, and Rathayibacter formed independent clusters, and the representatives of the genera Aureobacterium and Microbacterium belonged to a mixed cluster. "Corynebacterium mediolanum" JCM 3346, "F. dehydrogenans" JCM 1376, and strains CNF183, CNF186, and CNF208 belonged to an independent cluster whose members exhibited high homology values (95.8 to 98.8%). This cluster was attached to the Agromyces species cluster. The branch containing "Corynebacterium aquaticum" JCM 1368 was connected to the cluster containing the genus Agromyces and strains JCM 3346, JCM 1376, CNF183, CNF186, and CNF208 at some distance. "Brevibacterium helvolum" did not belong to any of the clusters.
DNA base composition and DNA-DNA relatedness. As shown in Table 5 , the DNA base compositions of "Corynebacterium mediolanum" JCM 3346T, "F. dehydrogenans" JCM 1376, and strains CNF183, CNF186, and CNF208 ranged from 72.3 to 73.3 mol% G+C and thus were higher than the DNA base compositions of previously described Agromyces strains, which ranged from 68.9 to 70.9 mol% G+C. The levels of DNA-DNA relatedness for "Corynebacterium mediolanum" JCM 3346, "F. dehydrogenans" JCM 1376, and strains CNF186 and CNF208 ranged from 80 to 99%, while the levels of DNA-DNA relatedness between strain CNF183 and these four strains ranged from 46 to 65%. The levels of relatedness between strains JCM 3346T, JCM 1376, CNF183, CNF186, and CNF208 and the type strains of previously described Agromyces species were less than 21%.
DISCUSSION
In 1982, Aoki et al. (1) reported that they isolated seven aniline-assimilating strains that contained DAB in their cell walls. In this study, purified peptidoglycans of only two of these strains, strains AN-9 (= CNF183) and AN-15 (= CNF186), were found to contain DAB, while the purified peptidoglycans of the remaining five strains contained ornithine instead of DAB. The latter five strains should be classified in the genus Aureobacterium on the basis of their chemotaxonomic characteristics (data not shown). This classification is consistent with the differences between strains AN-9 and AN-15 and the other five strains in the patterns of acid production from sugars, as pointed out by Aoki et 211. (1) . We concluded that "Corynebacterium mediolanum" JCM 3346, "F. dehydrogenans" JCM 1376, and strains CNF183, CNF186, and CNF208 belong to one Agromyces species on the basis of the following findings.
The ratio of glutamic acid to glycine to alanine to DAB in the cell wall peptidoglycans of these strains was approximately 1:1:1:2. This ratio is identical to the Agromyces ramosiis JCM 3108T ratio and strongly supports the hypothesis that these strains have a B2y type of peptidoglycan (9, 20) .
The cellular fatty acids of the strains which we studied were typical iso-and anteiso-branched fatty acids, with large proportions of anteiso-C,,.,, anteiso-C,7:0, and iso-C ,h:O acids present, as reported previously (21) .
Collins and Jones (5) reported that both "Colynebacterium mediolanum" and "F. dehydrogenans" produced a single glycolipid spot on a two-dimensional thin-layer chromatograph in addition to dip hosp hatidylglycerol and p hosp ha tidylglycerol spots. In contrast, other DAB-containing strains classified as Agromyces ramosus strains and members of the genera Clavibacter and Rathayibacter produced two or more glycolipid
The DNA base compositions of strains JCM 3346, JCM 1376, CNF183, CNF186, and CNF208 were very similar to each other (within 1 mol%) and were very similar to the DNA base compositions of previously described Agromyces species, which range from 68.9 to 70.9 mol% G + C ( Table 5) .
The major isoprenoid quinone of strains JCM 3346, JCM 1376, CNF183, CNF186, and CNF208 and the previously described Agromyces strains was MK-12. The secondary menaquinones of strains JCM 3346, JCM 1376, CNF183, CNF186, and CNF208 were MK-11 and MK-10, in contrast to the secondary menaquinones of the previously described Agromyces species, which were MK-13 and MK-11 ( Table 3 ). The presence of MK-12 as the predominant menaquinone is a characteristic of the genus Agromyces, as stated in the emended description of Zgurskaya et al. (27) . The different secondary menaquinones may be species characteristics.
The phylogenetic tree for actinomycetes that have group B peptidoglycans ( Fig. 1) revealed that the DAB-containing genspots (3, 5) . era Agromyces, Clavibacter, and Rathayibacter formed independent clusters, while the genera Aureobacterium and Microbacteriurn formed a mixed cluster, as reported by Rainey et al. (17) and Takeuchi and Yokota (22) . "Corynebacterium mediola- The DNA-DNA hybridization study clearly revealed that "Corynebacterium mediolanum" JCM 3346, "F. dehydrogenans" JCM 1376, and strains CNF186 and CNF208 belong to one species whose members exhibit high levels of relatedness. Strain CNF183 exhibited moderate levels of relatedness to these four strains (levels of complementarity, 46 to 65%). This relationship coincides with the relationship shown on the phylogenetic tree based on 16s rDNA sequences, on which strain CNF183 occurs at a greater distance than the other four strains. These results may indicate that strain CNF183 is genetically separate from the other four strains at least at the subspecies level. However, acid production from mannitol is the only phenotypic difference between strain CNF183 and the other four strains. In addition, the results of biochemical and physiological tests are variable even among the four strains that exhibit high levels of DNA complementarity, and the results obtained for strain CNF183 and "F. dehydrogenans" JCM 1376 are similar. Considering the absence of strains similar to strain CNF183 and the practical identification of this species, we decided to include strain CNF183 in the same species as strains JCM 3346, JCM 1376, CNF186, and CNF208 and not to establish a subspecies for strain CNF183 at this time.
The DNA-DNA hybridization experiments also revealed that strains JCM 3346, JCM 1376, CNF186, CNF183, and CNF208 are independent from the type strains of the previously validly described Agromyces species. The levels of DNA relatedness among the subspecies of Agromyces cerinus and Agromyces fucosus did not coincide with the relationships among these taxa proposed by Zgurskaya et al. (27) . Further studies will be required to explain these results.
Strains JCM 3346, JCM 1376, CNF183, CNF186, and CNF208 produced very similar biochemical and physiological test results and could be differentiated from previously described Agromyces species on the basis of these results (Table   On the basis of the observations described above, we propose that a new species, Agromyces mediolanus, should be created for strains JCM 3346, JCM 1376, CNF183, CNF186, and CNF208.
Description of Agromyces mediolanus sp. nov., nom. rev., comb. nov. Agromyces mediolanus (basonym, "Colynebacterium mediolanum" Mamoli 1939) . Cells are gram-positive, irregular rods that are 0.3 to 0.6 by 1.4 to 3.0 pm and are nonmotile in 2-day-old cultures on R agar. A rudimentary mycelium may be formed. Colonies are circular, opaque, and yellow to white on R agar plates. DAB is the principal amino acid of the cell wall peptidoglycan. The molar ratio of glycine to glutamic acid to alanine to DAB in peptidoglycan hydrolysate is 1:1:1:2. The acyl type of the cell wall is an acetyl type. The predominant isoprenoid quinone is MK-12. The predominant cellular fatty acids are anteiso-Ci,,:,, anteiso-C,,,,, and iso-C,,,, acids. The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, and glycolipid.
The characteristics mentioned above are common in Agromyces species. The following characteristics differentiate this species. Catalase positive. DNase negative. Acid is produced from glucose, galactose, glycerol, and esculin. Urate is utilized, but succinate is not utilized. The G + C content of the DNA is 72.3 to 73.3 mol%. The most abundant menaquinones other than MK-12 are MK-11 and MK-10.
The type strain of Agromyces mediolanus is strain JCM 3346 (= ATCC 14004 = DSM 20152). The other strains which we examined are strains JCM 1376, CNF183 (= JCM 9631), CNF186 (= JCM 9632), and CNF208 (= JCM 9633).
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